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(54) PRODUCTION OF CRYSTALUNE SIC THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for 
producing crystalline SiC thin films having good 
crystaline properties by effectively heating an Si 
substrate at the time of forming the thin films of cubic 
crystalline SiC on the Si substrate by sputtering in a 
hydrogen plasma. 

SOLUTION: The gaseous hydrogen is introduced 
between the heater plate 6 for holding and heating the Si 
substrate 3 and the Si substrate 3 in a chamber 1 of a 
sputtering apparatus. At this time, the pressure in the 
space region between the heater plate 6 and the Si 
substrate 3 is so set as to be made higher than the 
pressure in the reaction region within the chamber 1 to 
enable the gaseous hydrogen to have a stream in the 
space described above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the crystalline SiC thin film characterized by having 
faced forming a crystalline SiC thin film on Si substrate by the spatter in the hydrogen plasma 
generated in the chamber of a sputtering system, and making hydrogen gas or inert gas intervene 
between the hot plate which holds and heats said Si substrate in said chamber, and said Si 
substrate. 

[Claim 2] The manufacture approach of the crystalline SiC thin film according to claim 1 
characterized by making the pressure of the space field between said hot plates and said Si 
substrates higher than the pressure of the reaction field in said chamber at the time of said thin 
film formation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of forming the crystalline SiC thin 

film excellent in crystallinity on Si substrate. 

[0002] 

[Description of the Prior Art] Since even ah about 400-degree C elevated temperature functions 
as a semi-conductor, and a band gap's is large and mobility is large, the crystal of cubic SiC 
(called "3 C-SiC" or "beta-SiC") is expected as a next-generation semi-conductor substrate. 
The CVD method which uses a silane and a hydrocarbon and forms a thin film on a SiC ceramic 
substrate as a conventional method of manufacturing this thin film of crystalline SiC, the 
molecule beam epitaxy technique, etc. are known. However, it not only cannot obtain a substrate 
with a practical homogeneous area, but by these, approaches, it was not able to use the 
conventional semi-conductor manufacturing technology for the processing. Then, the technique 
of growing up the cubic of SiC into the front face of Si substrate which can utilize the 
conventional semi-conductor manufacturing technology was searched for. 
[0003] however, a cubic — since a 1300-1 400-degree C elevated temperature is generally 
required for growing up the crystal film of SiC and this temperature is approaching the melting 
point of Si — Si substrate top — a cubic ' — the SiC thin film which is growing if it is going to 
grow up SiC — a substrate to Si atom — being spread — an amorphous substance — 
generating — Si substrate top — a cubic — it was very difficult to form the crystalline thin film 
of SiC. 

[0004] If it carries out a spatter in the hydrogen plasma in recent years as a technique which 

solves this problem, using a SiC ceramic plate as a target it is called 800 degrees C — 

comparatively — whenever [ low— temperature ] — Si substrate top — a cubic — that the thin 

film of SiC can be formed finds out — having 0 [ Yong Sun and Tatsuro Miyasato, et al, ] 

[ "Characterization of ] 3C-SiC films grown on mdnocrystallineSi by reactive hydrogen plasma 

sputtering", J.Appl.Phys., 82 (5), p — 2334, 1997, and utilization of those were expected. 

[0005] 

[Problem(s) to be Solved by the Invention] However, although it was common to have laid and 
heated Si substrate on a hot heater plate (hot plate) when heating Si substrate held in the 
chamber of a sputtering system at 800 degrees C, as a matter of fact, it was difficult to have 
made the temperature of Si substrate reach homogeneity to the elevated temperature of 800 
degrees C all over a substrate. During membrane formation, although the inside of the chamber 
of a sputtering system is in a high vacuum condition, it is because the heat of a heater plate will 
hardly get across to Si substrate in a high vacuum even if the clearance is few if curvature is in 
Si substrate, or a clearance is between Si substrate and a heater plate when the smoothness of 
a heater plate is bad. 

[0006] Therefore, though it was found out that a cubic SiC thin film is obtained when SiC was 
formed at the temperature of about 800 degrees C, since substrate temperature did not become 
homogeneity in fact, there was a problem that it was difficult to obtain a uniform SiC thin film 
with good crystallinity. That is, since temperature distribution will arise in the field of Si 
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substrate if the adhesion of Si substrate and a heater plate is bad, it is the problem that 
unevenness arises in crystallinity. For example, the problem of the curvature of the above- 
mentioned Si substrate etc. is a problem which becomes remarkable, so that the size of Si 
substrate becomes large towards utilization, and offer of a means to heat Si substrate 
effectively in the sputtering system which forms a crystalline SiC thin film was desired. 
[0007] this invention is made in view of the above-mentioned situation — having — the spatter 
in the hydrogen plasma — Si substrate top — a cubic — in forming the thin film of SiC, it aims 
at offering the approach of manufacturing the crystalline SiC thin film excellent in crystallinity by 
heating Si substrate effectively. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
manufacture approach of the crystalline SiC thin film of this invention is characterized by making 
hydrogen gas or inert gas intervene between the hot plates and Si substrates which face forming 
a crystalline SiC thin film on Si substrate by the spatter in the hydrogen plasma generated in the 
chamber of a sputtering system, set in a chamber, and hold and heat Si substrate. And it is 
desirable to make the pressure of the space field between a hot plate and Si substrate higher 
than the pressure of the reaction field in a chamber at the time of thin film formation. 
[0009] In this invention, the heat of a hot plate comes to get across to homogeneity efficiently in 
Si substrate by using these gas as a heating medium by having made hydrogen gas or inert gas / 
not only making a hot plate equip with Si substrate but intervene between a hot plate and Si 
substrate. Also in a gas, the gas with small molecular weight, such as hydrogen gas or gaseous 
helium, is a gas with high thermal conductivity, and is suitable to use as a heating medium. 
Moreover, if it is these gas, a spatter can be performed convenient. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using drawing 1 and drawing 2 . Drawing 1 shows an example of the sputtering system used for 
the manufacture approach of the crystalline SiC thin film of the gestalt this operation. As shown 
in drawing 1 , it has the cylindrical shape chamber 1 made from stainless steel, a turbo molecular 
pump 2 is connected to exhaust-port la of a chamber 1, and the inside of a chamber 1 can 
decompress this equipment now to 1x10-7torr. Moreover, the source of hydrogen gas supply 
which is not illustrated is connected to gas inlet lb of a chamber 1, and hydrogen gas can be 
introduced now in a chamber 1 . 

[001 1] This equipment is the thing of the method with which a target is installed in a chamber 1 
upper-part side at an Si substrate and chamber 1 lower-part side, and opposite arrangement of 
the Si substrate 3 and the disc-like target 4 of Ceramic SiC is carried out up and down into the 
chamber 1. The anode plate 5 for making the Si substrate 3 side into an anode plate is being 
fixed to the upper part in a chamber 1 at the time of membrane formation, and the heater plate 6 
(hot plate) is installed in the inferior surface of tongue of an anode plate. The resistor which 
consists of W etc. is inserted in the interior of the support plate with which this heater plate 6 
consists of an insulating material of AIN or aluminum203 grade, and the whole is heated by 
energizing to a resistor. 

[0012] Drawing 2 is drawing showing the condition of having looked up at the heater plate 6 from 
the chamber 1 lower-part side. As shown in drawing 1 and drawing 2 , the annular substrate 
electrode holder 7 is formed in the inferior surface of tongue of the heater plate 6. While the slot 
which has only the dimension which can insert the Si substrate 3 in the inside lower part of the 
substrate electrode holder 7 is formed, the whole is divided into plurality and the substrate 
electrode holder 7 is movable in the direction of a path of a circular support plate. It equips and 
has come to be able to carry out the desorption of the Si substrate 3 to the substrate electrode 
holder 7 by this configuration. Therefore, if the Si substrate 3 is inserted in the slot of the 
substrate electrode holder 7, the Si substrate 3 can do space which was held from the heater 
plate 6 in the location which carried out predetermined distance alienation although it was small, 
and was surrounded with the heater plate 6, the substrate electrode holder 7, and the Si 
substrate 3 (although space is exaggerated and illustrated in drawing 1 , it does not actually 
crawl but is kana space). 
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[0013] As shown in drawin g 2 , the gas installation hole 8 which penetrates the core of the 
heater plate 6 and an anode plate 5 is formed, and as shown in this hole 8 at drawing 1 , the 
hydrogen gas installation tubing 9 for introducing hydrogen gas into the space surrounded with 
the heater plate 6, the substrate electrode holder 7, and the Si substrate 3 is connected from 
the source of hydrogen gas supply which is not illustrated. Moreover, as shown in drawing 2 , the 
annular slot 10 is formed in the periphery section of the heater plate 6, and as shown in drawing 
1 , the gas discharge hole 1 1 for penetrating to the rear-face side of an anode plate 5, and 
discharging hydrogen gas from the above-mentioned space is formed in two or more places of 
this slot 10. 

[0014] On the other hand, the plasma generator 12 by RF impression* is arranged by the lower 
part of a chamber 1, and the SiC target 4 is held on the top face of the plasma generator 12. 
Moreover, the quartz aperture 13 is formed in the side attachment wall of a chamber 1, and the 
optical thermometer 1 4 can measure now the skin temperature of the Si substrate 3 through this 
aperture 13. 

[0015] Next, the formation approach of the crystalline SiC thin film using the sputtering system 
of the above-mentioned configuration is explained. First, once decompressing the inside of a 
chamber 1 even to 1x10-7torr by actuation of a turbo molecular pump 2, hydrogen gas is 
introduced in a chamber 1 and chamber internal pressure is adjusted to 0.75torr(s). In addition, a 
hydrogen quantity of gas flow here is taken for example, as 15sccm(s) (part for standard cubic- 
centimeter/) extent. Next, hydrogen gas is introduced into the space between the heater plate 6 
and the Si substrate 3 through the hydrogen gas installation tubing 9, and the Si substrate 3 is 
heated at about 800 degrees 0 through hydrogen gas at the same time it carries out 
energization heating of the heater plate 6. Under the present circumstances, hydrogen gas is 
introduced so that it may be higher than the pressure (0.75torr) of the reaction field in a 
chamber, for example, may become 5torr extent about the pressure of the. space field between 
the heater plate 6 and the Si substrate 3. 

[0016] If 13.56MHz high-frequency power is impressed to the plasma generator 12 where the 
substrate temperature of 800 degrees O is held, the hydrogen plasma 15 will occur between the 
Si substrate 3 and the SiC target 4, and the crystalline thin film of SiC will generate on the front 
face of the Si substrate 3 according to the spatter operation. By continuing the spatter in these 
800 degrees C predetermined time, the crystalline SiC thin film of predetermined thickness is 
formed on the Si substrate 3. 

[0017] In the formation approach of the SiC thin film of the gestalt this operation, the heat of 
the heater plate 6 gets across to the Si substrate 3 efficiently by using hydrogen gas with high 
thermal conductivity as a heating medium by preparing space between the heater plate 6 and the 
Si substrate 3, and having introduced hydrogen gas into this space. Consequently, since the 
temperature up of the temperature of the Si substrate 3 can be enough carried out even to 800 
degrees C, a cubic crystalline good SiC thin film can be obtained. In addition, since this approach 
is premised on the spatter in the inside of the hydrogen plasma, even if it introduces hydrogen 
gas in a chamber 1 as a heating medium, it can perform a spatter convenient at all. 
[0018] Furthermore, in the gestalt of this operation, as a result of setting up a hydrogen quantity 
of gas flow so that the pressure of the space field between the heater plate 6 and the Si 
substrate 3 may become higher than the pressure of the reaction field in a chamber when 
introducing the hydrogen gas used as a heating medium, the hydrogen gas introduced from the 
gas installation hole 8 falls out from the gas discharge hole 1 1 in the chamber 1. That is, it not 
only says that hydrogen gas only intervenes between the heater plate 6 and the Si substrate 3, 
but the flow which goes to a periphery will arise from the core of a heater plate in the space 
between the heater plate 6 and the Si substrate 3. Therefore, while the effectiveness that 
efficiency of heat transfer improves further and substrate temperature becomes easy to rise is 
acquired, improvement in temperature homogeneity nearby is carried out in the 3rd page of Si 
substrate, and it becomes a suitable approach to apply to Si substrate of the diameter of 
macrostomia. 

[0019] In addition, the technical range of this invention can add various modification in the range 
which is not limited to the gestalt of the above-mentioned implementation and does not deviate 
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from the meaning of this invention. For example, although a gas discharge hole is prepared in the 
core of a heater plate in the slot of a gas installation hole and the periphery section and it was 
made to circulate hydrogen gas through these holes with the gestait of the above-mentioned 
implementation, about the concrete configuration for circulating hydrogen gas to the space 
between a heater plate and Si substrate, a design change is possible suitably. Moreover, cannot 
pass over the membrane formation conditions of the gestait of the above-mentioned 
implementation to a mere example, but, of course, it can change. Furthermore, inert gas, such as 
helium, can also be used as a configuration in which the gas for heating media does not flow in a 
plasma generating field, then a heating medium. 
[0020] 

[Effect of the Invention] Since the gas used as a heating medium was made to intervene 
between a hot plate and Si substrate according to the manufacture approach of the crystalline 
SiC thin film of this invention, the heat of a hot plate can obtain efficiently enough and the cubic 
SIC thin film which was excellent in crystallinity since the temperature up was carried out to 
homogeneity for propagation and Si substrate to Si substrate. 



[Translation done,] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So tine translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

H2 




[Translation done.] 
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